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摘  要 
 
IMPDH2 是 GTP 从头合成代谢的关键酶，在多种肿瘤组织和分生活跃的组织
中高表达。IMPDH2 可以通过 SUMO 化修饰调节自身酶活。在癌细胞中，IMPDH2
的 SUMO 化促进酶活并通过调节细胞内 GTP 的含量发挥生物学功能。细胞内含有





瘤细胞内提高 GTP 的含量，进而影响小 GTP蛋白的活性，并最终调控细胞的迁移
与侵袭。抗肿瘤药物阿霉素可以抑制 IMPDH2 的 SUMO 化，其机制是抑制 SUMO1
和 Ubc9 的蛋白水平。同时，阿霉素也可以通过提高 SNEP1 的 mRNA 水平来抑制
IMPDH2的 SUMO化，最终抑制癌细胞的迁移与侵袭。 
综上所述，本文首次发现了 IMPDH2的 SUMO化修饰的生物学功能，并发现抗
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Abstract 
IMPDH2 is the rate-limiting enzyme of GTP de novo synthesis，which is 
overexpressed in many kinds of tumor tissues and normal tissues with high 
proliferation. The enzyme activity of IMPDH2 could be regulated by sumoylation. 
sumoylated IMPDH2 can regulate the GTP level in cancer cells and exert 
corresponding biological functions. Small GTPase could be activated through binding 
with GTP. The activated small GTPase could interact with downstream “effectors” to 
initiate signals for different biological functions. The Rho family members of small 
GTPase, such as RhoA and cdc42, paticipate in actin polymerization and associated 
biological process, including adhesion, migration and invasion.  
In our study, we found that the sumoylated IMPDH2 could increase its enzyme 
activity to improve the GTP level, and then influence the activity of small GTPase, 
finally regulate the migration and invasion of cancer cells. Furthermore, doxorubicin 
(DOX) could inhibit the sumoylation of IMPDH2. The underlay mechanism is that 
DOX can inhibit the protein level of SUMO1 and Ubc9. Another possible mechanism 
is that DOX could improve the mRNA level of SENP1 to upregulate de-sumoylation, 
and finally inhibit the migration and invasion of cancer cells.  
Taking together, we, for the first time, found the biological function of IMPDH2 
sumoylation in inhibiting the migration and invasion of cancer cells, and further 








































Figure 1. Schema illustrating the pathways of de novo (solid lines) and salvage 




































Figure 2.Samples of Wurmbach liver statistics implies increased IMPDH2 






























Figure3. Structure of IMPDH. CBS dimer domains contain 1-244 amino 





点主要有 Ser122，Ser160，Tyr400和 Ser416;乙酰化位点有 Ser511，而其泛素
化位点较多，包括 Lys 134, Lys 195, Lys 208, Lys 293, Lys 311, Lys 349, 











1.4 IMPDH2与人类疾病  
















































































































图4.Rho 蛋白与迁移侵袭相关的信号通路 引自[54] 
Figure 4.signaling pathway associated with Rho protein and 




































      抗药性也伴随着某些适应性反应的产生。比如促存活信号的激活，信号通
路绕过药物靶点，上皮-间质细胞转分化（EMT）等等。对 EGFR 的抑制可以使肿
瘤细胞对 5-FU，紫杉醇等化疗药物更敏感[70,71,72]，但是在 KRas 突变的肿瘤细胞
中，EGFR抑制剂则失去作用[73]。EMT涉及细胞极化，细胞间连接，细胞骨架改变
及细胞外基质降解等有利于肿瘤细胞迁移与侵袭的进程。研究发现，发生 EMT











在本实验室前期的研究中，我们发现 IMPDH2 可以发生 SUMO1 参与的 SUMO
化，并找到了 IMPDH2 发生 SUMO化的关键位点 K62，以及 SUMO化可能影响 IMPDH2
的酶活性，同时我们也发现多种化疗药物会影响不同肿瘤细胞中 IMPDH2的 SUMO
化水平。 
本文通过在肿瘤细胞 HeLa和 Huh7中敲低 IMPDH2和过表达 IMPDH2及其相
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